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Abstract 
 
Anaerobic digestion as an attractive waste treatment method for renewable 
energy production has been received considerable attention worldwide. However, 
when using anaerobic digestion to treat ammonia-rich substrate, ammonia will be 
released and accumulated during the process. Due to the high ammonia concentration, 
it is difficult to anaerobically digest ammonia-rich waste for high energy recovery in 
practice. In order to avoid the inhibition of ammonia, development of ammonia 
removal method for higher biogas production is in an urgent need. In this study 
wheat-rice-stone (WRS) addition and air stripping were used for mitigating ammonia 
inhibition to anaerobic process, aiming at realizing enhanced biogas production. 
This research investigated the effect of WRS addition on mesophilic anaerobic 
fermentation for methane production from swine manure under high ammonia 
nitrogen level (5,145 mg-N/L) in addition to exploring its possible mechanisms 
involved. Results show that addition of WRS could not only effectively increase 
methane production by 72% from 82.8 (control) to 142.7 ml/g-VS but also 
remarkably shorten the effective biogasification period from 40 (control) to 20 days. 
In addition, WRS addition could promote the degradation of n-HBu and slow down 
the accumulation of other VFAs species, achieving much faster volatile fatty acids 
(VFAs) utilization rate and better pH maintaining capability. More specifically, the 
existing and released ions especially Ca
2+
, Mg
2+
, and Fe
3+/2+
 were supposed to form 
precipitates (like struvite and Fe-precipitates) with NH4
+
 and PO4
3-
 rich in the 
fermentation liquor, probably contributing a lot to the decreased ammonia 
concentration and enhanced biogasification under WRS addition.  
In addition, the feasibility of ammonia stripping as a pretreatment method for dry 
anaerobic digestion of swine wastes (SW) was investigated, including the effect of pH 
level on ammonia stripping under dry condition (total solid > 35%), and the effect of 
different ammonia stripping conditions on subsequent dry anaerobic digestion. The 
results indicated that ammonia stripping at pH10.2 resulted in the highest ammonia 
removal (90.1%), and 85.0% of ammonia removal was achieved at pH8.8 (no pH 
adjustment). Meanwhile adjusting the pH from 8.8 to 10.2 was found to bring about a 
decrease of VFAs. After ammonia stripping pretreatment, the subsequent dry 
anaerobic digestion (at total solid of 20%) of air stripped SW was carried out. All 
stripped SW showed a higher biogas production potential than the raw SW. Especially 
after ammonia stripped at pH8.8, the biogas yield was 74.8 ml/g-VS, which was 
almost the same as that obtained after air stripping at pH10.2 (71.0 ml/g-VS). The two 
biogas yields were respectively about 172% and 158% higher than the control (27.5 
ml/g-VS).  
Finally, a comparison was carried out on the performance and efficiency between 
WRS addition and ammonia stripping as a pretreatment method for anaerobic 
digestion of ammonia-rich swine wastes. The result showed that WRS addition and 
air stripping digestion system significantly increased both biogas yields and 
volumetric biogas productivity compared to the control. The highest biogas yield of 
269 ml/g-VS was obtained from wet anaerobic digestion after WRS addition, and the 
highest volumetric biogas productivity of 12,150 L/m
3 
was estimated from the air 
stripped SW under dry anaerobic condition.  
Based on the above results, both WRS addition and air stripping could improve 
the biogas production from ammonia-rich SW. The mechanisms of WRS addition 
under high ammonia level anaerobic digestion proposed in the study provided new 
insight into this complicated anaerobic digestion process, especially under the 
addition of natural materials (like WRS). Furthermore, the study also pointed out that 
air stripping was an effective solution for ammonia removal and recovery from SW 
and for subsequent dry anaerobic digestion of ammonia-rich SW. 
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